Introduction: With extensive applications of nanoparticles including titanium dioxide nanoparticles (TiO2 NPs) in different fields, many adverse effects may threat both environmental and medical health. Aim of this work: To evaluate the role of n-acetyl cysteine (NAC) against TiO2 NPs intestinal toxicity in adult albino rats. Material and methods: Fifty adult male albino rats were classified into five groups. Group I: negative control received regular diet and water. Group II: positive control administered 1ml of 5% gum acacia solution once a day. Group III: gavaged orally with NAC (100 mg/kg). Group IV: orally gavaged with TiO2 NPs (1200 mg/kg) once a day. Group V: orally gavaged once daily with TiO2 NPs (1200 mg/kg) and NAC (100 mg/kg). After 6 weeks, all rats were weighed and blood sample were submitted to estimate serum level of citrulline. Then parts of ileum from all rats was dissected and subjected to interleukin 6 (IL6), interleukin 10 (IL10) and tumor necrosis factor (TNF-α) estimation, histopathological examination and determine the extent of DNA damage by gel electrophoresis. Results: The results revealed that TiO2 NPs induced significant decreases in body weight, and serum level of citrulline with significant increases in IL6, TNF-α and significant decrease IL10 in tissues of ileum. These were associated with histopathological changes in the ileum and DNA damage detected by gel electrophoresis. Co-administration of NAC with TiO2 NPs provided protection against these changes. Conclusion: TiO2 NPs exposure causes inflammation in ileum with DNA damage and administration of NAC offers protection against its damaging effects.
Introduction
echnological advances have helped to decrease the size of particles to less than 100 nm, calling them nanoparticles. With increasing the production and consumption of nanoparticles daily, there are growing opportunities of contact nanoparticles with the environment inducing adverse effects on both environmental and medical health (Shah et al., 2017) .
Nanoparticles differ from that of the fine particles as regard physicochemical properties. They have smaller size, large number of atoms on their surface and different surface characteristics, as level of energy. These differences attract more attentions to study adverse effects of nanoparticles (Shi et al., 2013 and Yang et al., 2017) .
Titanium dioxide nanoparticles (TiO2 NPs) are extensively applied in different fields as in cosmetics, pharmaceuticals and medicine. Their wide use is attributed to their biocompatibility, resistance to corrosion, low cost, whitening, photo catalysis and ease of obtaining in nano sizes (Shakeel et al., 2016) .
Exposure to TiO2 NPs can be occurred by all routes, including inhalation, ingestion, skin applications, and injections (Migdal et al., 2010) . After absorption, they are distributed to different body organs as kidneys, liver, lungs, brain, and lymphatic organs producing toxic effects on these organs (Grande and Tucci, 2016) .
TiO2 NPs interact with cytoplasmic proteome producing posttranslational modifications, like acetylation and oxidative stress (Sund et al., 2014) . On reaching the peri region of nucleus, they interrupt the function of endoplasmic reticulum, and block the nuclear pore or invade the nucleus. Inside the nucleus, they react with DNA (Park et al., 2008) and cause the upregulation of cytokines, oxidative stress, and apoptosis (Gui et al., 2011) .
N-acetylcysteine (NAC) is a thiol containing amino acid. It is available as a safe and cheap medication as a mucolytic drug in the 1960 (Youssef et al., 2006; Larsson et al., 2015) . Despite cysteine is present naturally in many food types, NAC is not a natural substance. It is a cysteine precursor which is converted to glutathione in the body. This glutathione has the capacity to protect the tissues against bad effects of free oxygen species, so, it is considered as one of the most important antioxidants (Mokhtari et al., 2017) .
NAC is a well known line of treatment in paracetamol toxicity (Waring, 2012) , In addition to its antioxidant effects, NAC posses the capacity to suppress release of inflammatory cytokines (Xue et al., 2011) . As a result, it can be used as treatment or defense measure in many diseases such as infertility, chronic bronchitis, ulcerative colitis, asthma, alzheimer , and parkinson disease (Mokhtari et al., 2017) .
This work was performed to assess the effectiveness of NAC versus TiO2 NPs intestinal toxicity through detecting the changes in body weight, serum level of citrulline, intestinal tissue levels of interleukin 6 (IL-6), interleukin 10 (IL-10) and tumor necrosis factor (TNF-α), histopathological changes and DNA damage assay.
Materials and Methods

Chemicals
Titanium dioxide nanoparticles (CAS No is 13463-67-7, 21 nm in size) with purity ≥99.5% was bought from Sigma Company, Egypt. Gum acacia was obtained from El-Nasr Pharmaceutical Chemicals Company, Egypt. It was used as a solvent for TiO2 NPs. NAcetylcysteine (200 mg sachets) was purchased from SEDICO Company, Egypt.
Methods
Fifty adult male albino rats were bought from the animal breeding house of Faculty of Medicine, Zagazig University weighing 200-210 gm. The rats were housed in suitable cages and supplied with commercial laboratory animal food and water ad libitum. All ethically approved conditions used for animal housing & handling were considered. Standards for animal care and administration met those required by applicable international laws and regulations (ILAR 1996) .
The rats were equally sectioned as following:  -ve control group (I): 10 rats received only regular diet and water for 6 weeks.  +ve control group (II): 10 rats, each rat orally gavaged by 1 ml of 5% gum acacia solution once a day for 6 weeks.  NAC group (III): 10 rats, each rat orally gavaged orally with n-acetyl cysteine (100 mg/kg body weight {b.w}) dissolved in 1 ml of distilled water once a day for 6 weeks (Jain et al., 2011) .  TiO2 NPs group (IV): 10 rats, each rat gavaged orally with TiO2 NPs (1200 mg/kg b.w) (1/10 LD 50) in 1ml of 5% gum acacia solution as a solvent once a day for 6 weeks. Oral LD50 of TiO2 NPs for rats is more than 12,000 mg/kg body weight (Wang et al., 2007) .  TiO2 NPs +NAC group (V): 10 rats, each rat orally recevied NAC (100 mg/kg b.w) dissolved in 1 ml of distilled water then TiO2 NPs (1200 mg/kg b.w) dissolved in 1ml of 5% gum acacia solution once a day for 6 weeks. The rats were left without treatment for 24 hours, then they were weighed and venous blood samples were obtained from the retro-orbital plexus according to a method described by Joslin (2009) from all rats of all groups to estimate the serum levels of citralline. Rat Citrulline ELISA kit Cusabio (catalog number CSB-E13414r) was used. Serum citrulline level was measured with a spectrophotometric method at a wave length of 450nm and expressed in nmol/ml. The anaesthetized rats were, then, sacrificed. Parts of ileum were dissected and used for the following:
 Measuring cytokines levels in ileal tissues: After homogenization of ileal tissues, the sample was centrifuged at 4000 rpm for 10 min then the supernatant was used to estimate the levels of IL-6, IL-10 and TNF-α using an enzyme-linked immunosorbent assay (ELISA) according to a method described by Amsen et al.(2009) and expressed in pg/mg protein.  Histopathological examination: parts of ileum were fixed with 10% formalin for preparing 5-μm thick sections then stained with hematoxylin and eosin (H&E) for light microscope examination according to the method described by Horobin and Bancroft (1998) .  DNA damage assay: After homogenization of ileal tissues, the samples were centrifuged at 11,000 rpm for 15 min. The supernatants were taken and divided into two halves. One half was used to detect DNA fragments by gel electrophoresis and the remaining half was used to determine amount of DNA fragmentation by the diphenylamine assay according to the method of Burton (1956) modified by Perandones et al. (1993) . Then the percentage of DNA fragmentation in every specimen was calculated and tabulated. All data were collected and calculated as mean values ± standard deviations (SD) then statistically analyzed by using SPSS Software program.
Results
No significant differences were detected between -ve control (I), +ve control (II) and NAC (III) groups respectively (P>0.05) by ANOVA test as regard mean values of body weight, serum citrulline, tissue levels of IL6, IL10 and TNF-α (Fig 1) , morphological changes in ileal tissues and DNA changes, so we used -ve control group (I) as a standard reference for comparison with other treated groups.
Body weight
Titanium dioxide nanoparticles treated rats (group IV) revealed a significant reduction in body weight in comparison with other groups (P<0.001). Addition of NAC to TiO2 NPs (group V) provided significant protection against body weight loss caused by TiO2 NPs (P<0.001) ( Table 1) .
Serum citrulline
Titanium dioxide nanoparticles administration caused significant decrement in serum level of citrulline when compared to the results of other groups (P<0.001). Serum citrulline level was significantly higher in TiO2 NPs +NAC group (V) compared to TiO2 NPs group (IV). However, this level was significantly lower than that of -ve control group (I) (P<0.001) ( Table 2) .
Cytokines assay (IL6, IL10 and TNF-α) in ileum
In the present work, the rats treated with TiO2 NPs (group IV) showed significant elevations in the ileal tissue levels of IL6 and TNF-α with significant decrement in IL10 compared to other groups (P<0.001). IL6 and TNF-α were significantly lower and ileal tissue IL10 was significantly higher in the rat group given TiO2 NPs and protected with NAC when compared with group IV treated with only TiO2 NPs. However, these levels were lower than those ofve control group (I) (P<0.001) ( Table 2 ).
Histopathology examination of intestinal tissues
The light microscopically examination of ileum of control and NAC groups, showed normal histological appearance (Fig 2) . While atrophy of lining mucosa with infiltration of mucosa and submucosa with inflammatory cells in form of lymphocytes, plasma cells and machrophages in TiO2 NPs intoxicated group were observed (Fig 3) . In TiO2 NPs +NAC group (V), NAC use protected lining mucosa of ileal tissues from atrophy with decreased inflammatory cells infiltrate (Fig 4) 
DNA damage assay
In the present study, evaluation of DNA damage by agarose gel electrophoresis (Fig 5) showed no breakage of extracted DNA in control and NAC groups (lane 2, 3, 4). Administration of TiO2 NPs resulted in fragmentation of extracted DNA appeared as multiple bands (lane 5), while administration of NAC with TiO2 NPs showed no breakage of extracted DNA (lane 6).
By quantitative assessment of DNA fragmentation in tissues of ileum, TiO2 NPs administration significantly elevated the percentage of DNA fragmentation (p<0.001) comparing with other groups. Meanwhile, using NAC with TiO2 NPs in group (V) partially protected the rats from DNA damage induced by TiO2 NPs (P<0.001) ( Table 3 ). 
Discussion
As a result of extensive use of nanotechnology, there is a progressive desire to evaluate the potential adverse effects and toxicities from these nanomaterials. There are many routes of exposure to these nanomarteials, but the oral route has an important consideration because of their extensive uses in food products and their widespread in environmental sources which may be another source of oral exposure. All these attract attention to study the effects of oral intake of TiO2 NPs (Guo et al., 2017) .
Small intestine is considered as an important site in which most nutrient digestion and absorption of different food types as carbohydrates, proteins, and fats occur. It provides as well secretory and protective immune functions. So that, disturbance in this complex system can result in multiple adverse effects (Bergin and Witzmann, 2013) .
In our study, TiO2 NPs administration significantly reduced body weight in rats, meanwhile, TiO2 NPs+NAC showed non significant changes in body weight.
These results are in line with those observed by Bermudez et al. Citrulline is an amino acid classified as non essential one. It is a precursor for renal arginine production. Small intestine enterocytes is responsible for its synthesis (Rabier and Kamoun, 1995) . Citrulline has been proposed, a biomarker of small intestinal enterocyte mass and function (Crenn et al., 2003 and Crenn et al., 2008) . Recently, it has been considered as a good method to diagnose the intestinal disorders whatever the cause (Barzał et al., 2014 ) and a reliable marker for intestinal insufficiency either acute or chronic (Fragkos and Forbes, 2018) . In our study, serum level of citrulline was decreased after TiO2 NPs treatment and addition NAC caused partial protection against the adverse effects of TiO2 NPs. This is consistent with Koeneman et al. (2010) who observed altered the microvilli of intestinal epithelium after TiO2 NPs exposure for 10 days. Also, Guo et al. (2017) found that in vitro chronic TiO2 NPs treatment decreased the number of intestinal microvilli leading to reduce the surface area that is necessary for nutrient absorption and transport. Moreover, changes in gene expression of nutrient transporter protein had taken place, supposed the role of intestinal cells to adjust the disruption in transport mechanisms which occurred by oral intake of nanoparticle. These effects showed impaired intestinal function and structure with significant decrement in absorption of iron, zinc and fatty acids.
It was found that TiO2 NPs increased reactive oxygen species (ROS) formation leading to disruption of tight junction protein with significantly increased intestinal permeability (Chen et al., 2008; De Angelis et al., 2013 and Guo et al., 2017) . In addition to oxidative stress, TiO2 NPs increased proinflammatory cytokines like TNF-α causing intestinal inflammation with increasing its permeability (Katayama et al., 2006) .
NAC is a precursor of glutathione which promotes detoxification and removal of ROS (Elgindy et al., 2010 ). Many studies demonstrate ameliorative effect of NAC against TiO2 NPs generating deleterious oxygen species in different organs (Xue et al., 2011; Attia et al., 2013; El-Kirdasy et al., 2014 and Elnagar et al., 2018) . So, by reducing oxidative stress, NAC can improve intestinal barrier as shown by OZ et al. (2007) .
Cytokines are proteins produced by immune cells, modulating immune response by affecting activity, differentiation and proliferation of other cells (Smith and Humphries, 2009) . It is found that these cytokines have a significant role in the mechanisms of many diseases of intestinal tissues as infectious enterocolitis, celiac disease, eosinophilic gastroenteritis, irritable bowel syndrome, and inflammatory bowel disease, which is a severe form of intestinal inflammation (Ford and Talley, 2011 and Strober and Fuss, 2011) .
In our study there were highly significant increases in IL6 and TNF-α and highly significant decrease in IL10 in ileal tissues in TiO2 NPs exposed rats compared to other groups. Adding NAC to TiO2 NPs provided protection against these changes induced by TiO2 NPs.
Many cells and tissues synthesis and release various cytokines following exposure to infection and/or toxicity as IL-6 and IL-10. IL-6 is one of interleukins that secreted by T lymphocytes and macrophages. It exerts an important role in induction of inflammation as it acts as pro-inflammatory cytokine (Smolen and Maini, 2006) . On the same line, IL-10 works as a powerful anti inflammatory cytokine by inhibiting IL-6 secretion and down-regulates expression of Th1 cytokines (Fiorentino et al., 1991 and Pestka et al., 2004) .
These results are similar to that of Nogueira et al. (2012) where male mice orally gavaged by TiO2 NPs for 10 days, showed significant increases in IL6 and TNF-α and decrease in IL10 in small intestines especially ileum proposing that TiO2 NPs enhance inflammation basically in small intestine through Th1-mediated pathway.
Ileum represents the main site of nanoparticles uptake across the gastrointestinal tract as huge amount of Peyer's patches present in it (Florence, 1997) . These data are confirmed by Li et al. (2009) who noticed that large concentations of nanoparticles were absorbed in ileum and colon of rats. These are matched with previous studies noticed accumulation of TiO2 NPs in the intestine of rats (Jani et al., 1994) and fish (Zhang et al., 2007) .
Accumulation of TiO2 NPs in Peyer's patches which are sites of lymphatic tissues aggregates in intestine, could have a role in the development of many adverse effects including inflammation that might participate in the incidence of inflammatory bowel disease (Lomer et al., 2002) . Kish et al. (2013) found an increase in expression of proinflammatory cytokines with changes in colon bacterial content after ingestion of small doses of TiO2 NPs in mice. In addition, a study done by Bettini et al., (2017) in which, high levels of IL-6 and TNF-α in colon were revealed after chronic administration of small amounts of TiO2 NPs.
These results are in agreement with that of Guo et al. (2017) who stated that chronic administration of TiO2 NPs increase the expression of TNF-α gene in small intestine. TNF-α mediates the inflammation significantly by stimulating nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) that down regulates tight junction protein and changes its location (Ma et al., 2004) . As a result, increased intestinal permeability and inflammation similar to that observed in Crohn's disease had occurred (Katayama et al., 2006 and Guo et al., 2017) Soliman et al. (2013) and El-Kirdasy et al. (2014) notified increases in the expression of IL-6 and TNF-α in spleen and testes respectively after 3 months of TiO2 NPs utilization and addition of NAC induced normalization in the expression of these cytokines in rats. Also, Elnagar et al. (2018) found a reduction in the expression of TNF-α in testes of rats taken NAC with TiO2 NPs. All these observations confirm on the ability of NAC to stimulate immune system and ameliorate inflammatory effects enhanced by TiO2 NPs.
NAC has anti-inflammatory activity via modulation of proinflammatory cytokine synthesis and inhibition of NF-κB through holding I-κB (an inhibitor of NF-κB) degradation (Berk et al., 2013) . NAC is also known as a glutathione precursor that scavenges free radicals and prevents upstream NF-κB-activating events (Pei et al., 2018) .
The biochemical changes of this work are confirmed by histopathological changes in ileum. There were atrophy of lining mucosa with infiltration of mucosa and submucosa with inflammatory cells in form of lymphocytes, plasma cells and machrophages in TiO2 NP exposed rats while; NAC administrated with TiO2 NPs provided protection against these changes.
Butler et al. (2007) suggested the occurrence of inflammation in the mucosa of intestinal tissues after TiO2 NPs are taken up by immune cells. However, Nogueira et al. (2012) observed hypertrophy and hyperplasia in the mucosal epithelium in mice taken TiO2 NPs (100mg/kg) for 10 days. This difference may be related to differences in dose and duration of the study.
Human studies put insight on TiO2 NPs accumulated in Peyer's patch of human beings that may be implicated in the inflammatory bowel disease pathogenesis (Hummel et al., 2014) . Ruiz et al. (2017) found that ingestion of high doses of TiO2 NPs aggravated dextran sulfate sodium-induced colitis by stimulating the nucleotide-binding oligomerisation domain receptor, pyrin domain containing (NLRP)3 inflammasome with induction of ROS and enhancing the permeability of intestine. This inflammasome has a key role in preservation of intestinal homeostasis and inflammation progress in intestinal tissues (Elia et al., 2015) .
Genotoxicity of TiO2 NPs has been extensively studied, since it was discovered the potential role of TiO2 NPs in induction of cancer (Chen et al., 2014) .
In this study, TiO2 NPs group showed DNA fragmentation when compared to other groups, while administration of NAC with TiO2 NPs showed no breakage of extracted DNA.
By using different cell lines, numerous studies showed the ability of TiO2 NPs in inducing genotoxicity (Landsiedel et al., 2009; Singh et al., 2009; Turkez, 2011; Catalán et al., 2012; Ghosh et al., 2013; Tavares et al., 2014; Khan et al., 2015 and Patel et al., 2017) . Also, multiple in vivo studies showed genotoxicity induced by TiO2NPs (Trouiller et al., 2009; Mohamed and Hussien, 2016 and El-Sheikh et al., 2016) .
However, Bettini et al. (2017) didn‫׳‬t observe any DNA damage in intestinal tissues after 7 days of TiO2NPs ingestion excluding their ability to produce genotoxicity. These differences may be related to differences in the duration of the study.
There are two kinds of genotoxicity created by TiO2 NPs; primary genotoxicity in which there is no inflammation, and secondary genotoxicity in which, there is inflammation with excess ROS production that interact with DNA. TiO2 NPs enter the nucleus, react with the DNA and inhibit its replication causing direct primary genotoxicity. In addition, there is an indirect primary genotoxicity which includes increase in ROS production, interaction with nuclear proteins, antioxidant suppression, disruption of cell cycle check points or release of toxic ions from either soluble or poorly soluble NPs (Ong et al., 2014 and Golbamaki et al., 2015) .
The diminished level of DNA damage observed in rats treated with NAC with TiO2 NPs was in parallel with that of Shi et al. (2013) who found a significant reduction in the level of DNA damage induced by TiO2 NPs after the usage of NAC in human lymphocytes. Also, Elnagar et al.(2018) showed a decrease in the degree of DNA destruction in testicular tissues after taken NAC with TiO2 NPs. By scaverging ROS, anti-inflammatory activity, immunological effects, induction of DNA repair, and effect on cell cycle progression, NAC can attenuate genotoxicity (Pei et al., 2018) .
Conclusion
Oral administration of TiO2 NPs induced inflammation as well as DNA damage in the small intestinal tissue. NAC administration along with TiO2 NPs leads to a significant decrease in intestinal toxicity induced by TiO2 NPs. In addition, prevention of DNA damage proved by gel electrophoresis had occurred. Increasing the public awareness about the proper handling of 
